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SUMFiARY 



The failure of wing panels on a nnmher of TBF-1 and 
T3xvl-1 airplanes in flight has pror.ipted several investi- 
gations of the possible causes of failure. This report 
describes tests in the Langley l6-foot high-speed tunnel 
to determine whether these failures could be attributed to 
changes in the aerodynamic characteristics of the ailerons 
at high speeds. The tests were made of a 12-foot-span 
section including the tip and aileron of the right wing 
of a TBF-1 airplane. Hinge moments, control-link stresses 
due to aerodynamic buffeting, and fabric-deflection photo- 
graphs were obtained at true airspeeds ranging from 110 
to 5oS miles per hour. 

The aileron hinge-moment coefficients were found to 
vary only slightly with airspeed in spite of the large 
fabric deflections that developed as the speed was 
increased. An analysis of these results indicated that 
the resultant hinge moment of the ailerons as installed 
in the airplane would tend to restore the ailerons to 
their neutral position for all tl-e high-speed flight con- 
ditions covered in the tests. Serious aerodynamic buf- 
feting occurred at up aileron angles of -10^ or greater 
because of stalling of the sharp projecting lip of the 
Prise aileron. The peak stresses set up in the aileron 
control linkages in the buffeting condition v/ere as high 
as three times the mean stress. 

During the hinge-moment investigation, flutter of 
the test installation occurred at airspeeds of about 
150 miles per hour. This flutter condition was investi- 
gated in some detail and slow-motion pictures v;ere made 
of the m.otion of the wing tip and aileron. The flutter 
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was found to involve simultaneous normal bending and 
chordwise oscillation of the wing and flapping of the 
aileron. The aileron motion appeared to be coupled with 
the motion of the wing through the mass unbalance of the 
aileron in the normal-to-chord plane due to location of 
the hinge line 2.17 inches below the center of gravity 
of the aileron. i^lutter did not occur when the instal- 
lation was stiffened to prevent chordv/ise motion or when 
the bending frequency of the aileron system v;as appre- 
ciably higher than that of the wing as in the com_plete 
airplane installation. 



INTRODUCTION 



A nuTiiber of failures of the cuter v^^ing panel of the 
TBP-1 and TBM-1 airplanes have occurred in pull-outs from 
shallow dives. These failures occurred at the wheel wells 
and could not be explained simply on the basis of exces- 
sive pull-out loading. The theory was advanced that the 
high-speed aerodynamic characteristics of the aileron 
system might be such as to cause the aileron control to 
become unstable at the speeds attained in the pull-outs, 
with the result that the ailerons v;ould suddenly assume 
full deflection and thereby overload the wing. 

The principal purpose of the present tests was to 
investigate the aileron hinge-moment characteristics at 
high speeds in order to determine whether the aileron 
system could have been responsible for the wing failures 
in flight. The I.angley l6-foot high-speed tunnel was 
chosen for the investigation because airspeeds in excess 
of the airplane pull-out speeds could be obtained and 
because the tunnel is large enough to accomjnodate a 
section of the airplane v/ing including the aileron. 

Inspection of a number of TBP-1 airplanes had indi- 
cated m.inor differences in the aileron installations due 
to manufacturing variations. In order to evaluate the 
possible effect of such variations on the hinge-moment 
characteristics, two complete series of tests were made - 
one with the aileron hinge line adjusted so that the 
aileron would be in its correct position with respect to 
the wing contour and the other vvith the hinge line and 
aileron lov;ered I/I4. inch. 
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At hip'h negative aileron angles, serious aerodynamic 
buffeting was encountered In the tests. Strain gages 
Installed on one of the aileron control links provided 
data on the stress increments due to the "buffeting. 

In the early stages of the Investigation, flutter 
of the test installation occurred. This flutter condi- 
tion and means for ellm.lnating it were studied in some 
detail with the aid of tho strain-gage installation used 
in the buffeting measurements and also by m.eans of slow- 
motion pictures. 

Motion pictures were also m.ade of the deflection of 
the fabric on the upper surface of the aileron for all 
the hinge-mom.ent tests in order to permit correlation 
betv/een any changes in hinge -mor.ent coefficient and 
aileron shape. 



SYMBOLS 



/ Ha 
WaV 



Hg^ aileron hinge moment, foot-pounds 

Cj^ aileron hinge-moment coefficient 

a 

6^ aileron angle, degrees 

wing area, square feet 

root-m.e an- square chord of aileron behind hinge 
line, feet 

aileron span, feet 

wing chord, feet 

q dynamic pressure, pounds per square foot f ^oV^ 



2 

V true airspeed, miles per hour or feet per second 

V4 arbitrarily called indicated airsoeed, miles per 

hour or feet per second \a V/ 
a angle of attack of wing, degrees 

f frequency, cycles per minute 
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aileron bending frequency, cycles per minute 
flutter frequency, cycles per minute 
lift coefficient (Lift/qS^) 
M Mach number (V/a) 

a speed of sound in air, miles per hour or feet 

per second 

a density ratio (p/Pq) 

p mass density of air, slugs per cubic foot 

mass density of air at sea level (0,002378 slug/cu 

APPARATUS AND H'iETHGDS 



Test mode l.- A 12-foot-span section including the 
tip and aileron of the right outer wing panel of a 
TBP-1 airplane was used in the tests. The principal 
dimensions of the model are 

Wing section NACA 25O series 

Model v/ing span, feet 11.8I|. 

Maximum chord, feet 8.7I 

Tip chord, feet 4-58 



Area of model wing, square feet 78o70 

Aileron span, feet 7*^5 

Location of aileron hinge line O.bOcy; 

Aileron chord behind hinge line 0.200^; 

Root -me an- square aileron chord behind hinge 

line, c^, feet I.27 

W ing mount ing . - The wing v\^as mounted from the left 
wall of the test section of the tunnel as shown in fig- 
ures 1 and 2. In the vicinity of the attachment fitting, 

the wing was reinforced by -^-inch dural plates extending 

52 

about 2 feet spanwise and from the 10-per cent-chord to 
the 50~P^^<^^nt-chord stations. These plates were riveted 
to the stringers and to the spar flanges. The end of the 

wing section was covered by a steel plate i inch thick 

8 
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attached Idt means of f- x x JL.-inch angles to the skin 

and stringers. The reinforced section of the wing 
covering and the main spar were "bolted into a steel 

S ' 1 
plate ^ inch thick by means of 2 x 2 x^ — inch steel angles. 
o ' 14. 

(See fig. 3.) This plate was rigidly clamped to the 
tunnel structure. It should be noted that, in the chord- 
wise direction, the support fitting terminated at the 
main spar and at the lb-percent -chord station. Beyond 
these points, the wing did not contact the tunnel struc- 
ture, except in a few runs in which a block was inserted 
at about the 80-percent- chord station between the wing 
and the tunnel wall in order to produce extreme chordv/lse 
rigidity. (See fig. 2.) Vvithout this block in place the 
wing, rotating as a solid body about the support fitting, 
could be made to oscillate in the chordwise direction. 

Ailero n. - The aileron was of the Prise type. (See 
fig. Ij.. ) With the wing at zero angle of attack and the 
aileron neutral, the center of gravity of the aileron was 
located 2.I7 inches verticall^T- above the hinge line, 
0.214. inch forward of the hinge line, and kl inches from 
the inboard end of the aileron. Tlrie v/eight of the aileron 
was 28.7 pounds. The spacing of the ribs v/as unequal v/ith 
the outermost section of the aileron having the maximum 
distance between ribs. (See fig. 1.) 

Hinge -m.oment measurement . - The hinge-mom.ent forces 
of the aileron were transmitted to a suitable balance 
through the linl:age in the section of the v/ing tested. 
The fourth link inboard from the aileron extended out of 
the wing. The force in this link was transmitted through 
a bell crank to the balance. A direct calibration of the 
system was made by applying known hinge moments to the 
aileron. In determining the aileron angle for a particular 
test condition, allowance was made for deflections in the 
aileron linkage system. The aileron angles shovm in this 
report are believed to be correct within about ±0.2^ for 
the steady test conditions. 

Strain gage . - A temperature-compensated strain gage 
was installed on the second link of the aileron control 
system inboard from the aileron. This link was essentially 

a 12-inch turnbuckle v/ith a barrel 7^ Inches long and 

8 

1 inch in diameter. The link was pin- jointed at its ends 
so that the loads indicated by the strain gage corresponded 
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to prirxcipal tension or compression loads. Strain-gage 
records were obtained for all the runs, including those 
in which flutter occurred, and were used to obtain the 
relative stresses in the link and the flutter frequency. 
These strain-gage traces were also used to verify that 
the vibration was continuous and of the flutter type and 
not merely a random or irregular vibration due to 
buffeting. 

Lift d et ermi n ation . - As previously stated the wing 
was attached to the tunnel wall and, therefore, forces 
on the wing could not be measured with the wind-tunnel 
balance system. It v/as necessary, however, to obtain 
approximate values of the lift in order to prevent over- 
loading of the model and also to permit the evaluation 
of tunnel-wall effects. The lift v;as obtained from 
measiur^ements of the deflection of the wing tip. A cali- 
bration of this deflection against the total lift load 
was obtained from a static-load test in which the wing 
was loaded v/ith sand bags . 

Nat ural bending frequencies^.- The natioral bending 
frequency of the i^Jng sLruct^n'C as installed in the 
tunnel was considerably greater than that of the v;ing 
panel mounted on the airplane. Vibration-frequency data 
were obtained by shaking the wing with a variable-speed 
motor coupled to the wing with a rubber band about 
1/8 inch in diameter. The natural bending frequencies 
thus determined v/ere as follows: 

(1) Principal bending mode normal to the chord line 
with small component in chordv^rise direction 

f = 755 cycles per minute 

(2) Principal bending mode in chordwise plane with 
small component normal to chord 

f = 960 cycles per minute 

(3) Torsion mode 

f = 28h\.0 cycles per minute 

Modes (1) and (5), respectively, involved bending and 
twisting of the wing structure. Mode (2), hovrever, con- 
sisted of oscillation of the wing as a solid body about 
its support mounting. 
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The critical bending frequency of a complete wing 
Installed on a TBF-1 airplane was measured as ^00 cycles 
per minute. In order to make the frequency of the 
principal bending mode the same for the tunnel instal- 
lation as for the airplane, 7^*h pounds of lead were 
bolted to the v/ing structure as shown in figuf^e 2. The 
critical bending frequencies then measured v/ere as follows 

(1) Principal bending m.ode norm.al to the chord line 
with s:iLall component in chordwise direction 



(2) Principal bending mode in chordwise plane vvith 
small com.ponent normal to chord 



During the flutter tests, the aileron control tube 
(the fourth control link inboard from the aileron) v/as 
attached to the tunnel structure through cantilever 
springs of various stiffnesses as shown in figure 5- 'The 
natural vibration frequency of the aileron control system 
could be varied by this m.eans from Ij..OO to 800 cycles per 
minute. The value m.easured on a TBP-1 airplane with 
control stick fixed was 680 cycles per minute. The 
various steel cantilever springs were 2 inches wide 

by 82 inches long. The aileron frequencies for various 

spring thicknesses, measured in the same manner as the 
wing frequencies except as noted, are as follows: 



f = 5(^0 cycles per minute 



f = 600 cycles per minute 



Spring thickness 
fin.) 



Aileron frequency 



f cpm) 



0.25 
.30 
.55 



.25 and 0.55 clam.ped together 
.50 and 0.55 clam.ped together 
^ (link clamped to wall) 



Ji2 0, ^)^00 
500, ^]|70 

555, ^575 



620 
680 
800 



Obtained by deflecting aileron spring and measuring 
resulting oscillations when spring was released. 
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TESTS 



Hinge moment > - The hinge-moment data v/ere obtained 
with the v^ing set at angles of attack of -1.2^, 3.5^3 
and 8.0^. For each angle of attack, a range of aileron 
angles from approximately -20^ to 18^ was covered. High 
negative angles could be obtained only at low test speeds 
because of the severe buffeting encountered. The maxim"um 
allov;able positive angles v;ere determined by lift limit 
imposed by structural considerations. At the highest 
test speed (56S mph), for example, an aileron angle of 
only 11^ could be obtained for a = -1.2^. The strain- 
gage and motion-picture data were obtained simultaneously 
with the hinge -moment data. These test conditions were 
covered both with the normal hinge line and with the 
hinge line and aileron lowered l/li. inch. 

Flutter . - Flutter tests were made with and without 
the 76.I|--pound weight in the wing tip. A range of 
aileron bending frequencies was covered for each of 
these two conditions. Various aileron angles were 
tested for each combination of wing and aileron bending 
frequency, A few additional runs were made with the 
installation greatly stiffened in the chordwise plane 
by the insertion of a steel block betvi^een the wing and 
the tunnel wall at approximately the 80-percent-chord 
station. The usual test procedure was to set the angle 
of attack of the wing and the aileron angle and then 
increase the tunnel speed until flutter appeared or 
until it becam.e evident that there would be no tendency 
to flutter. In m.any of the runs the spring in the 
aileron control system was deflected and suddenly 
released, or triggered, in order that any tendency to 
flutter could be detected before the actual flutter 
speed was reached. 

Test Fach numbers .- The tests v/ere run at constant 
1 

values of a^V, v/hich is arbitrarily defined as indi- 
cated airspeed. The corresponding approximate test 
Mach numbers and true airspeeds for the average test 
conditions are 
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1 

(riph ) 


M 


V 

(mph) 


110 


0.12 


112 


i6o 


.21 


166 


210 


.28 


217 


26o 




275 


310 




333 


535 


.il8 


565 



DISCUSSION 
Hinge Moments 



Jet -boundary c orre ctions .- The effects of the jet 
boundary on the hinge -moiiient coefficients were studied 
with the aid of reference 1. Of the several factors 
affecting the hinge moment, only the effect of stream- 
line curvatuj^e was found to be of appreciable magnitude. 
For the model tested, the value of the correction is 
approxim.ately 0.0150^^. By using the lift coefficients 
from flgtire 6, the values of this correction were com- 
puted and added to the uncorrected values of the hinge- 
moment coefficients. The corrected hinge-moment data 
presented herein represent the aileron characteristics 
that would be obtained in free air for a complete v/ing 
with the same semispan dimensions as the test model. 
The aspect ratio of this equivalent wing is 3.S, and the 
ailerons cover a larger proportion of the span' than on 
the actual airplane. Exact agreement betv/een the present 
test data and flight data for the actual airplane is 
therefore not to be expected. 

Variation w ith ai rspeed .- The data of figures 7 to 9 
show s-orprisingly little effect of increasing airspeed on 
the hinge-moment coefficients. This result was obtained 
in spite of large fabric deflections that occurred at the 
higher airspeeds. Typical fabric deflections are shown 
in figure 10, which was obtained from, enlargements of 
lo-milllmeter motion-picture records. Previous investi- 
gations have shown that fabric deflections generally have 
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an appreciable effect on hinge moments. Im.portant scale 
and coinpressibility effects have also been noted. The 
absence of any net effect for the present installation 
may be explained by the possibility that the action of 
the several contributing factors was compensatory in this 
particular case. In any event, it is clear that no high- 
speed control difficulties due to radical changes in 
aileron characteristics will occur for flight Mach 
numbers up to 0.1j_8, 

Effect of hinge-line location ,- Comparison of 
fig^Ares 7 to Q shows that lowering the aileron and the 
hinge line l^/Ij. inch had an appreciable effect on the 
curves of hinge-moment coefficient, particularly for 
small aileron deflections. Under high-speed flight 
conditions in v/hich only small aileron deflections are 
employed, a mxarked reduction in stick force v;ould be 
noted for the ailerons in the lowered position as com- 
pared with the normal position. This result emphasizes 
the need for small installation tolerances for this type 
of aileron in high-speed airplanes if the desired 
handling characteristics are to be obtained. 

a ffec t of lift coefficient .- The effects on the 
hinge-moment coefficient of increasing the wing lift 
coefficient may be seen by comparing the results of 
figures 7 to 9 f'or a given aileron angle. The value 
of ^^ho^/^^L a = 0^ and 5^ = 0^ is approxi- 

mately O.Oii for both normal and lovvered positions of 
the aileron, Th.e lift coefficients corresponding to 
the angles of attack of figures 7 to 9 are shown in 
figure 6 as mean curves that were faired through test 
points for all airspeeds. It should be mentioned that 
the downwash effect on the slope of the lift curve is 
larger for the low equivalent aspect ratio of the test 
model than for the airplane; that is, the angle of 
attack for a given lift coefficient is considerably 
greater than in flight. In view of the impossibility 
of obtaining accurate direct lift measurem.ent s v;ith the 
test installation, it was considered justifiable not to 
Q-PPly jot-boundary corrections to the lift data of 
figure 6. 

Aileron control characteristics .- The net aileron 
control momxent in the airplane is the resultant of the 
aerodynamic momients due to the upgoing and downgoing 
ailerons. It is obviously desirable that this resultant 
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moment should always tend to rotupn the ailerons to their 

neutral positions. This condition occurs if the quantity 

„ ~ C-h . ,n has a positive value for 

'■^up aileron ^down aileron 

all control positions. If the ailerons are assumed to "be 

ri.a;.Q:ed at 6^ = 0^ and the deflection of the up aileron 

is assiraed to be approximately equal to the deflection of 
the dovm aileron, it can be seen from figures 7 to 9 that 
the ailerons would tend to return to neutral for all the 
conditions of the tests. Furtherr:iore , the resultant 
moment increases continuously with aileron deflection. 
There would thus be no tendency for any type of aileron 
control snatch in any control position or flight condi- 
tion. This conclusion is arrived at without considera- 
tion of elastic deflection of the aileron control system* 
The principal effect of elasticity is to produce unequal 
deflections of the ailerons, the downgoing aileron 
tending to have sma].ler deflections because of its larger 
hinge moments. For the ailerons tested, allowance for 
this effect does not change the foregoing conclusion that 
the resultant aerodynamic control moment tends to restore 
the ailerons to neutral for all control-stick deflections. 
It appears possible, however, that the resultant restoring 
moment for a part of the range of control motion might 
decrease with increasing stick deflection at very high 
speeds. Vvhile this latter condition represents an unde- 
sirable high-speed control characteristic, it does not 
seem likely that it v/ould lead to catastrophic results. 

Elas tic Instability of aileron control system at 
ve ry high speeds .- The possibility that the aileron 
control system might become elastically unstable at very 
high speeds is now investigated. The primary requirement 
for elastic instability resulting in aileron snatch is 
that the curve of aileron hinge -moment coefficient, as 
conventionally plotted against aileron angle, shall have 
a region of positive slope. The divergent condition 
occurs v/hen the change in aerodynamic hinge moment per 
degree change of aileron angle dllr,/6 5g^ equals the stiff- 
ness of the control system with fiJ-^ed control stick 
expressed in terms of hinge moment required per degree 
change of aileron angle. The condition can be visualized 
by Imxaginlng the existence of a hinge moment large enough 
to produce 1^ of aileron def lectlon^by stretching bhe 
aileron control linkages; the larger hinge xmoment existing 
with the increased aileron deflection then produces an 
additional 1^ deflection, vmich in turn produces a larger 
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hinge moment, and so forth. As a basis for calculating 
the airspeed at which the divergent condition would 
occur, the stiffness of the aileron control system on a 
TBP-1 airplane was measured with the control stick fixed, 
The value of the stiffness was I6.7 foot-pounds per 
degree aileron deflection. The condition for divergence 



vms therefore 



16.7 



In terms of hinge-moment coefficient, 

(^^a^I ) = — 



= 16.7 



whence , 



^^a _ ^ 
v/ 



where V^^ Is in miles per hour. 

The value of dC^^ J^^q, ^^^"^l^^d. for divergence has 

been plotted against indicated airspeed in figure 11. 
Also plotted in figure 11 is the maximum positive value 
of 6Cj^ y/^^a determined from the plots of hinge-moment 

coefficient. This value, which equals 0.0021, was taken 
from figure 8 for 5^^ = -8^. The divergent condition is 
not reached with the aileron tested until an indicated 
airspeed of about 500 miles per hour has been attained. 
This critical speed is v;ell beyond the limits of operation 
of the TBF-1 airplane. 



Aerodynamic 

The sharp upturn in the 
ficient in figures 7 to 9 at 



Buffeting 

curves of hinge-moment coef- 
aileron angles of -10^ to -li].' 
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Is due to separation of the air flov/ from the lower 
surface of the aileron starting at the sharp lip that 
projects at aileron angles of -5^ or greater. The data 
shown in figures 7 to 9 indicate only mean values of 
the hinge-moment coefficients and give no indication of 
the unsteady flow conditions that actually occurred. 
As the flow separated, the hinge moment momentarily 
increased to a high positive value that, owing to elas- 
ticity of the control linkages, reduced the negative 
angle of the aileron. V/ith the smaller angle, the sepa- 
rated condition and the hinge moments were reduced so 
that the aileron again tended to assume a larger negative 
angle. This process repeated continuously. The instan- 
taneous stresses in the control links were m^uch higher 
for this buffeting condition than the mean values corre- 
sponding to the data of figures 7 to 9. The peak 
Instantaneous stress increments have been expressed as 
effective hinge-moment-coefficient increm.ents in figure 12 . 
Less Intense buffeting also occurred at high positive 
aileron angles because of the separation of the flow on 
the upper surface. The buffeting tendency of Frlse 
ailerons has been mentioned in reference 2, 

The data shown in figure 12 v\/ere obtained at indi- 
cated airspeeds ranging from 110 to 535 i^iiles per hour. 
The hinge -moment increments due to buffeting were found 
to increase as the square of the indicated airspeed, so 
that ACjk) due to buffeting was constant with airspeed. 

Comparison of the buffeting increments with the mean 
values of the hinge-moment coefficients of figures 7 to 9 
shows that the buffeting increments at high negative 
angles are several timies the mean values in magnitude. 
This result indicates that test data for Frise ailerons 
which show only mean values of the hinge -m.Ox-aent coeffi- 
cient may be dangerously miisleadlng if used as design 
data for stress-analysis purposes. For the present case, 
the mioan value of the hinge m.om.ent for high negative 
angles should be multiplied by approxim.ately 5 to obtain 
a conservative value of the effective stress for use in 
design. 

The hinge -moment coefficients for the upgoing aileron 
(negative aileron angles) are lov/ up to the point at which 
buffeting begins. This condition therefore is obtainable 
at very high speeds at which high downgoing-aileron 
deflections could not be obtained because of the elas- 
ticity of the control system. This buffeting condition 
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may. have been a contributing factor to the structural 
failures occurring in flight in pull-outs from high-speed 
dives . 



Flutter 

Flutter condition s . - The results shown in tables 1(a) 
and T(b) indicate that flutter usually occurred when the 
natural bending frequencies of the wing and aileron were 
approximately equal. The frequency of the flutter was 
approximately equal to the natural frequency of the v/ing 
in the normal-to-chord mode regardless of the ratio of 
aileron frequency to wing frequency. When the aileron 
frequency was reduced below that of the wing (run 59^"!)^ 
the speed at which flutter occurred was increased but the 
flutter condition was not definitely eliminated. 
Increasing the aileron frequency to about l.i; times the 
principal bending frequency of the wing eliminated the 
flutter condition, as may be seen from a comparison of 
runs 599-1 and 600-3 (table 1(b)). The frequency com- 
bination of run 60O-5 was identical with that measured 
on a TBF-1 airplane and no flutter occurred for this 
combination. 

Figures 13 and show the change in flutter charac- 
teristics with variation in aileron angle. The severity 
of the flutter tended to decrease as the aileron angle 
was increased positively. At an aileron angle of 20^, 
the flutter had degenerated into an irregular vibration 
of sm.all amplitude. It may also be noted that the flutter 
frequency tended to increase slightly as the aileron angle 
was increased. The disappearance of the flutter condition 
at high aileron angles is believed to be due to an effec- 
tive stiffening of the aileron system as a result of 
changes in the aerodynamic characteristics of the aileron. 
At high aileron angles, the negative slope of the curve 
of hinge-moment coefficient against aileron angle is much 
greater than at lov; angles. (See figs. 7 to 9.) This 
aerodynamic stiffening had the same general effect on the 
flutter as the stiffening produced by increasing the 
thickness of the aileron control spring; that is, the 
flutter condition was eliminated when the effective 
aileron bending frequency became appreciably greater than 
the wing frequency. 

Table 1(c) shows that no flutter occurred when the 
chordwise motion of the wing was eliminated by stiffening 
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the v;ing Liounting, regard].ess of the ratio of aileron 
frequency to wing frequency. 

Analysis of f lutter mode .- As previously noted, the 
aileron was inass-balanced in the conventional raanner; 
that is, the center of gravity of the aileron was forward 
of the binge line. Aileron flutter of the usual type in 
which normal wing bending is coupled v/ith deflections of 
the aileron v/as therefore impossible. In order to deter- 
mine the nature of the flutter occurring in these tests, 
the aileron and wing tip were photographed during flutter 
with a motion-picture camera at the rate of 61). frames per 
second. The motion of the wing tip and aileron was then 
charted from an analysis of consecutive photographs. 
P'igure IS illustrates the results of this study for 
1 cycle of the flutter motion. It may be seen that the 
wing tip traveled in an elliptical path. No torsional 
deflection of the wing was evident. The x- and 
y-components of several cycles of the motion shown in 
figure 15 are plotted against time in figure 16, and the 
corresponding motion of the aileron is also shown. It 
may be noted that the magnitude of the chordv/ise compo- 
nent was approximately equal to the magnitude of the 
normal component and that the two components were only 
slightly out of phase. The aileron motion was approxi- 
mately 90^ out of phase with the bending com.ponents; that 
is, deviation of the aileron from its mean position (-70) 
was approximately zero at either extreme of the bending 
m_otion of the v;ing, and the maximum deviation of the 
aileron occurred v;hen the wing v/as near its neutral posi- 
tion. The direction, or sign, of the aileron deviation 
was such as to maintain the flutter, as may be seen from 
either figure 15 or fig-ure lb. If it is ass-omed that 
there is no lag in the aerodynamic forces, the 90^ phase 
relationship between wing and aileron miotion would 
probably produce the maximum am.ount of excitation for 
the flutter motion. 

As previously mentioned, the results shown in 
table I indicate that the chordwise motion of the v;ing 
was essential to the flutter. Two possible m.echanisms 
by v/hich the chordv/ise motion might be coupled v;ith the 
aileron motion so as to produce the flutter condition are 

(1) V/ith the control linirage term.inating in a struc- 
ture that is fixed relative to the wing, chordwise motion 
of the v;ing produces relative m.otion between the v/ing and 
control link and hence motion of the aileron 
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(2) The mass unbalance of the aileron in the normal- 
to-chord plane would produce deflections of the aileron 
when chordv^ise accelerations occurred 

In order to investigate the first possibility, the 
aileron angles that would result from the chordwise 
displacement component of figure I5 v;ere computed from 
calibration data obtained under static conditions. The 
aileron angles so computed are shown in figure 16. The 
magnitude of the computed aileron motion is only about 
7 percent of the magnitude of the actual motion and the 
phase relationships are not such as to promote the flutter 
motion. It is therefore concluded that the flutter con- 
dition was not related to any peculiarity of the aileron 
control linkage arrangement used in the tunnel tests. 

The second possibility - coupling of the aileron 
motion and the chordv/ise motion through the mass unbalance 
of the aileron in the norm.al-to-chord plane - is now 
considered. By referring to the curve of chordwise com- 
ponent in figure 16, it can be determined that a rearward 
acceleration of the wing existed for all positive values 
of the chordwise component and a forward acceleration for 
all negative values. Figure 16 also shov/s that the 
aileron motion was in the negative, or upward, direction 
for the entire period of time during which the rearward 
acceleration occurred and in the positive direction when 
the forv/ard acceleration occurred. With the center of 
gravity of the aileron 2.I7 inches above the hinge line, 
it is clear that a ref... ward acceleration would be expected 
to produce motion of the aileron in the negative direction 
and vice versa, exactly as has been shown to occur in 
figure 16. The chordwise motion of the wing v^ras therefore 
directly coupled to the aileron motion, which in turn was 
of the correct phasing to sustain the flutter condition, 
as has been previously pointed out. It thus appears that 
the flutter could have been eliminated in the tests by 
mass -balancing the aileron in the normal-to-chord plane 
as v/ell as by the other methods. 

Validity of tunnel test results for the actual 
airplane The results of these wind-tunnel flutter tests 
are not quantitatively applicable to the TBP-1 airplane 
under flight conditions, principally because only a small 
section of the com.plete wing panel was tested. Attention 
should be directed, hov/ever, to the fact that the type of 
mounting for the test panel v/as similar to the method of 
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attachment of the complete outer wing panel on the 
airplane. In both cases there is no attachment fitting 
behind the [[O-percent-chord station (center line of main 
spar web). The principal requirements for the flutter 
condition - lack of chordwise rigidity and mass unbalance 
of the aileron in the normal-to-chord plane - are thus 
present in both the airplane and in the tunnel setup. 
Differences exist, however, in the rigidity of the struc- 
tures to which the panels were attached and in the moments 
of inertia of the panels aboiit their mounting points. 
The ratio of the natural bending frequency in the chord- 
wise plane to that in the normxai-to-chord plane might be 
quite different for the airplane and for the test model. 
In any event, it is clear that vibration tests of the 
airplane should be made in order to determine the charac- 
teristics of the natural bending modes for comparison 
with those of the wind-tunnel model. If it is found that 
the airplane is subject to the sam.e type of flutter as 
the model, the method of eliminating the flutter in the 
wind tunnel should be applied to the airplane. 



CONCLUSIOa^ 



The results of the investigation of a 12-foot-span 
section including the tip and aileron of the right wing 
of a TBF-1 airplane in the Langley l6-foot high-speed 
tunnel indicated the follov/ing conclusions: 

1. The hinge-moment coefficients varied only slightly 
with airspeed in spite of the large fabric deflections 
that occurred at high speeds for the large aileron angles. 

2. Aerodynamic buffeting due to separation of the 
air flow fr.om the lower surface of the aileron occurred 
at up aileron angles of -10^ or greater. The peak 
stresses set up in the aileron control linkages because 
of buffeting were as high as three times the m.ean stress 
indicated by conventional hinge-moment balance measure- 
ments. This buffeting condition appeared to be the only 
aerodynam.ic characteristic that could possibly result in 
structural failures at high speeds. 

5» The hinge -moment coefficients were appreciably 
affected by lowering the aileron and hinge line I/I4. inch 
below their normal positions. 
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1).. An analysis of the hinge -moment data showed that 
the resultant control moment of similar ailerons installed 
in the airplane would tend to restore the ailerons to 
their neutral position for all the test conditions. 

5. Calculations showed that elastic instability of 
the aileron control system resulting in snatch of the 
upgoing aileron would not occur at indicated airspeeds 
below 500 miles per hour for an aileron with the charac- 
teristics measured in the present tests. 

6. VJing-aileron flutter involving wing deflection 
components (both normal and parallel to the chord line) 
occurred in these tests when the principal natural vibra- 
tion frequencies of the wing (both normal-to-chord compo- 
nent and chordv;ise comxponent) were of approximately the 
same m.agnitude as the natural bending frequency of the 
aileron system. 

7. The flutter condition was eliminated in the tests 
either by stiffening the aileron system until its natural 
bending frequency was at least l.ij. times the principal 
normal-to-chord wing bending frequency (the frequency 
ratio measured on a TBF-1 airplane was approximately I.I4.) 
or by greatly stiffening the wing mounting in the chord- 
wise plane. 

8. An analysis of the flutter motion as determined 
from photographs taken at intervals of 1/61; second indi- 
cated that the flutter condition could also have been 
eliminated by mass-balancing the aileron in the normal- 
to-chord plane. The center of gravity of the aileron as 
tested was 2.17 inches above the hinge line. 
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TABLE I.- PLOTTER TEST RESULTS 



Run 




f 

a 

(cpm) 


(deg) 


1 

(mph) 


(cpm) 


J. ... 

Remarks 




(a) Natural 
normal to cho 


vlbral 


:lon frequencies of wing: 
j cpm; chordwlse, 9^0 cpm 



588- 1 

589- 1 

590- 1 

591- 1 

592- 1 

595-1 
595-5 

594- 1 

595- 1 

595-2 
595-5 
595-4 
595-5 

595- 6 

596- 2 
596-1 



1.2 


800 


0 


208 


750 


1*2 


800 


0 


156 


750 


1*2 


800 


-5 


1U5 


755 


1,2 


800 


5 


145 


790 


1*2 


800 


10 


1I45 


805 


1*2 


800 


20 


160 


850 


1*2 


800 


20 






1.2 




0 


"250' 


710 


5.5 


600 


0 






5.5 


800 


-5 


125 


800 


5-5 


800 


-5 




790 


5.5 


800 


-10 


iliS 


770 


5.5 


800 


-10 


156 


770 


5.5 


800 


5 






5.5 


680 


-5 






5.5 


555 


-5 







Violent flutter 

Flutter - minimum apeed at which flutter 

could be started at this angle 
Flutter 

Do. 

Do. 

Flutter not continuous 

No flutter - maximum test speed, I95 mph 
Incipient flutter 

Some tendency to flutter at ll(.5 and I9I mph; 

maximum test speed, 255 - flutter 

Flutter 

Do. 

Do. 

Do. 

Some tendency to flutter at I68 mph; maximum 
test speed, 2l\2 mph - no flutter 

Some tendency to flutter at ikl mph; maximum 
test speed, 210 mph - no flutter 

No flutter - maxlmaim test speed, 209 "iph 



(b) Natural vibration frequencies of wing: 
normal to chord, 5OO cpm; chordwlse, 60O cpm 



597-1 

597- 2 
^97-5 
596-1 

598- 2 

599- 1 
599-2 
599-5 
599-5 
599-6 
599-7 

599- 6 

600- 1 
600-2 
600-5 



5-5 


500 


0 


5-5 


500 


-5 


5-5 


500 


5 


5.5 


555 


5 


5.5 


555 


-5 


-1.2 


555 


0 


-1.2 


555 


0 


-1.2 


500 


0 


-1.2 


500 


-5 


-1.2 


500 


5 


-1.2 


500 


10 


-1.2 


soo 

^42o 


10 


-1.2 


0 


-1.2 


ii20 


0 


-1.2 


680 


0 



lii5 

"150 

"i6jI' 
175 
li|0 
iii5 
120 
100 
128 
ll+O 
159 



518 
"525" 

"525" 

525 
525 
515 
525 
554 
55i4- 
512 
512 



No flutter - maximum test speed, 255 
Flutter - started by triggering 
No flutter 
Flutter 

No flutter - maximum test speed, 210 mph 
Flutter - started by triggering 

Do. 

Do. 

Flutter 

Do. 

Do. 

Do. 

Do. 

Do. 
No flutter 



mfiLxlmum test speed, 210 mph 



(c) Wing restrained from chordwlse motion 
by means of steel block shown In fig. 2 



579-1 
579-2 
579-5 
579-4 

579- 5 

580- 1 

581- 1 

582- 1 
582-2 
582-5 
565-1 
585-2 
585-5 
5S7-I 
587-2 

587-4 



-1.2 


500 


0 


-1.2 


500 


0 


-1-2 


500 


0 


-1.2 


500 


0 


-1.2 


500 


0 


-1.2 


500 


-5 


-1.2 


500 


-5 


-1.2 


555 


-5 


-1.2 


555 


-5 


-1.2 


555 


-5 


-1.2 


555 


0 


-1.2 


555 


0 


-1.2 




0 


-1.2 


800 


-15 


-1.2 


800 


0 


-1.2 


800 


-5 


-1.2 


800 


-10 



160 

210 
260 
510 

555 
160 

185 
210 

185 
200 

255 
160 
210 
210 
210 



Wing bending frequency. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Wing bending frequency. 
Do. 
Do. 
Do. 



500 cpm - no flutter 



755 cpm - no flutter 
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' Tunnel mil 



Wing rigidly imnfed through 
a built-up :sect/on to the 
tunnel structure 



Control tube attached to 
test- chamber structure 

Springs used to vary aileron 
bendinq frequencies 



Removable steel block to 
prevent chordwise motion 



C of tunnel 



Total of 76.4 lb securely 
fastened to ou fernoost rib 




Trim tab locked in neutral position 
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Figure 2.- Installation of section of TBP- 1 wing panel for flutter tests 

in Langley 16-foot high-speed tunnel. 
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Fig. 




Figure 3.- 



Method 



of reinforcement and attachment 
for tunnel testing. 



of win 



Inboard end of aileron 




Aileron end profiles with normal and lowered hinge lines. All dimensions are in Inches. 
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Fig. 5 




Figure 5.- Cantilever spring used to vary aileron frequency. 
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Aileron angle, 6a , deg 

Figure 7r \/briofion of aileron hinge-moment coefficient wilh aileron angle. Normal and lowered hinge lines; angle of attack ^-12 
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Figure c?.- Variation of aileron hinge-moment coefficient with aileron angle, Norma/ and lowered hinge lines; angle of attack, 3.5' 



.06 



.04 



Cm. 0 



-.04 



-OS 















































b \ 










































\ \ 


\ \ 


« 




























NATIONAL ADVISORY 
COMMIHEE FOR AERONAUTICS 


















































{mph) 
o 110 
^ 160 
165 

o W 

o 260 
^ Z65 






















r Lowered hinqe line 






















































Normal hinge line 































































































































-20 -16 -12 -6-4 0 4 

Aileron irKfle, , deg 



8 



12 



16 



20 



Figure 9.- Voriation of aileron hinge -moment coefficient with aileron angle. Normal and lowered hinge lines; angle of attack^ 6.0 . 
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Fig. 10 
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Figure II -Comparison of positive values of slope of hinge -moment- coefficient curye 
required for diyergence in aileron control system with maximum test ya/ue. 
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4 = ^ = f45 mphx ff- T40cpm 




6a = O''; Vi = 156 mph ; ff^ ' 744 cpm 
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Figure /3 r St rain-gage traces. Natural normal -fo- chord wing 
bending freguency, 755 cpm; angle of attack of wing, -1.2". 



Fig. 14. 
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6a=-5\ Vi ^ 143 mph \ ff 515 cpm 



6a'^0'*\ 14 ' 140 mph ; ff = 525 cpm 



6a' 5\ Vi=i20 mph ; ff = 525 cpm 



NATIONAL ADVISORY 
COMMIHEE FOR AERONAUTICS 



4 * /0\ Vi^ 126 mph ; ff =^ 535 cpm 



Figure 14 r Strain -gage traces . Natural normal -to -chord wing 
bending frequency, 500 cpm; angle ofaitack of wing, -1.2 . 
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Figure 15 r Fnlorqed diagram of ffie motion of wing tip and aileron 
during flutter. Time interval between positions of wing stiown , 
approximately 1/64 seq wing angle of attack 35 1 mean aileron angkj - 7 / 
indicated air speed J55 mph; wing frequency^ 155 cpm; aileron frequency, dOOcpm; 
flutter frequency^ 770 cpm. 
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Figure 16 r Norma/ and chonMise componenh off/utfer motion o/?d ai/eron angle as functions of time. Angle of ottock of wing, 3. 6^ 
indicated airspeed J 55 mph ; no turo/ norma/ -to -chord bending frequency of wing, 755 cpm ; aileron frequency, 800 cpm; 
flutter frequency, 770 cpm. 



